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Abstract
Introduction: Colorectal cancer (CRC) remains the second most common cancer in women worldwide. Physical
activity (PA) has been associated with reduced risk of CRC; however, this has been demonstrated more consistently
in men, while results of studies in women have been largely equivocal. We aimed to further examine the
relationship between PA patterns and the risk of CRC in women, using repeated measurements.
Methods: We followed participants of the Norwegian Women and Cancer (NOWAC) Study - a nationally representative
cohort. Baseline information was available for 79,184 women, and we used this information in addition to follow-up
information collected 6–8 years later, for repeated measurement analysis. At enrollment, participants were cancer-free and
aged 30–70 years, with a median age of 51 years. We used Cox proportional hazards regression to compute hazard ratios
(HRs) and 95% confidence intervals (CIs).
Results: During an average of 14.6 years of follow-up and 1.16 million person-years, 885 cases of colon and 426 cases of
rectal cancer were identified through linkage to the Norwegian Cancer Registry (median age at diagnosis: 65 years). We
found no association between PA level and the risk of colon cancer in baseline or repeated measurements analyses when
comparing women with PA level 1–2 to those with PA level 5–6 (reference) (baseline: HR = 0.90, 95% CI 0.66–1.23, p-trend
= 0.76; repeated measurements: HR = 0.78, 95% CI 0.55–1.10, p-trend = 0.27). Results were the same when comparing PA
level 9–10 to the reference level (baseline: HR = 0.80, 95% CI 0.56–1.12, p-trend = 0.76; repeated measurements: HR = 0.82,
95% CI 0.58–1.16, p-trend = 0.27). Similarly, we found no association between PA levels and the risk of rectal cancer.
Conclusions: Women may need to look beyond PA in order to reduce their risk of CRC.
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Background
Colorectal cancer (CRC) remains the second most com-
mon cancer in women worldwide [1]. This is also true in
Norway, where CRC is the second most common cancer
in women [2]. In 2018, it was estimated that Norway had
the highest incident rate of CRC in women worldwide, at
39.3 per 100,000, compared to 24.2 per 100,000 in the rest
of Europe (World age-standardised rate) [1, 3]. The ave-
rage annual number of new cases in women in Norway
has been on the increase in the past few years, with 1706
in 2002–06; 1833 in 2007–11; and 2049 in 2012–16 [2].
There is convincing epidemiological evidence sugges-
ting that a healthy lifestyle, body weight, and diet could
substantially prevent the development of CRC [4], and
several epidemiological studies have demonstrated a
risk-reducing association between physical activity (PA)
and CRC [5–8]. The Continuous Update Project on
colorectal cancer by the World Cancer Research Fund/
American Institute for Cancer Research (WCRF/AICR)
published in September 2017 concluded that all domains
of PA (occupational, household, transport, and recre-
ational) reduce the risk of CRC [9]. However, this has
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only been demonstrated consistently in men, while re-
sults of such studies in women have been largely equivo-
cal [10, 11]. Considering only prospective studies that
either included women alone or presented sex-specific
findings, 13 studies reported no associations between PA
and CRC among women with relative risks ranging from
0.69 to 1.15 [10–22]. Six studies reported statistically
significant inverse associations among women with rela-
tive risks ranging from 0.54 to 0.90 [6–8, 23–25], which
were consistent with the findings of most studies in
men. However, the associations in women were weaker
than those in men, and some of the significant observa-
tions in women were only present in sub-analyses [11, 26].
These discrepancies may have stemmed from
methodological differences, such as relatively small
sample sizes, deficient or poor assessment methods
for PA, or assessment of different domains of PA by
methods of unknown validity or reproducibility. It
may be that the assessment of PA in women has
more intricacies than that in men, as inclusion of
household PA in women may be under- (or over-)
rated [27]. It is also plausible that a sex difference exists
in the physio-biological response to PA [28, 29].
The aim of the present study was to further examine
the relationship between PA patterns and the risk of
CRC in women, using a validated, single-item,
self-administered questionnaire and repeated measure-
ments, in a nationally representative cohort of Norwe-
gian women.
Methods
The Norwegian women and Cancer study
The Norwegian Women and Cancer (NOWAC) Study is
a nationally representative, prospective cohort study
which started in 1991. The details of the cohort are fully
described elsewhere [30, 31]. In summary, invitations to
participate in the NOWAC Study were sent to a sample
of women aged 30–70 years, who were randomly se-
lected from the Norwegian Central Population Register.
The participants were recruited in three waves: 1991–92,
1996–97, and 2003–04. More than 172,000 women
agreed to participate and completed questionnaires re-
garding their lifestyle and health status. All participating
women gave written informed consent, and the overall
response rate was 52.7%. The NOWAC Study was ap-
proved by the Regional Committee for Medical Research
Ethics and the Norwegian Data Inspectorate.
Study sample
In these analyses, we used information from 101,321
women who were recruited in 1991–92, 1996–97, and
2003–04, and completed food frequency questionnaires
in 1998, 1996–97 and 2003–04, respectively (baseline);
and follow-up questionnaires 6–8 years after baseline
questionnaire (repeated measurement). We excluded
women who emigrated or died before the start of
follow-up (n = 18), those with prevalent cancer other
than non-melanoma skin cancer at baseline (n = 4429),
those with missing information on PA level at baseline
(n = 9210), and those with missing information on any of
the covariates at baseline (height and weight (used to
calculate body mass index), duration of education, alco-
hol consumption, smoking status, and intake of red
meat, processed meat, dietary calcium and dietary
fibre) (n = 8480). Thus the final analytical sample
consisted of 79,184 women (Fig. 1). In the repeated
measurement analysis, we used measurements from
baseline (first measurements) and follow-up information
(second measurements) of PA, BMI, and smoking status.
Thereafter follow-up information was applied until emi-
gration, death, cancer diagnosis, or the end of the study
period, whichever occurred first.
We also carried out separate analyses where we used
change in PA level between baseline and follow-up as
the exposure variable. These analyses consisted of
44,498 women who had both baseline and follow-up in-
formation on PA level, after exclusion of those who died
(n = 3), emigrated (n = 24), or had cancer (n = 1884)
before the follow-up measurement took place (Fig. 2).
Assessment of physical activity level and covariates
Information on PA level was taken from the NOWAC
questionnaires. The baseline and follow-up question-
naires contained the same question on PA level. The
participants were asked, “By physical activity we mean
activity both at work and outside work, at home, as well
as training/exercise and other physical activity, such as
walking, etc. Please mark the number that best describes
your level of physical activity; 1 being very low and 10
being very high”.
The PA scale used in this study reflects the total
amount of PA, which includes the domains (occupa-
tional, household, transport, and recreational), in one
global score. This PA scale has been validated to rank
PA levels in the Norwegian female population, and a
moderate, but significant Spearman’s rank correlation
coefficient was found (range: 0.36–0.46; p < 0.001) be-
tween the PA scale and the outcomes from the measure-
ments of a combined sensor monitoring heart rate and
movement [32].
Information on initial covariates obtained through the
NOWAC questionnaires at baseline included age, height,
BMI, duration of education, household income, alcohol
consumption, smoking status, use of hormone replace-
ment therapy, intake of red meat, processed meat, diet-
ary calcium, and dietary fibre. The choice of these
covariates was based on documented risk factors in the
literature and in previous similar studies [10–12, 26].
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Cancer incidence, emigration, and death
NOWAC participants diagnosed with primary CRC using
the International Statistical Classification of Diseases and Re-
lated Health Problems, Tenth Edition (ICD-10 code C18 or
C19–20), were identified through linkage to the Cancer
Registry of Norway with the aid of the unique national iden-
tity number. The Cancer Registry of Norway has been judged
to be more than 98% complete [33]. Information on date of
emigration and death in the cohort was obtained through
linkage to the Norwegian Central Population Register.
Fig. 1 Flowchart for study sample
Fig. 2 Flowchart for sub-cohort (used for additional analyses of change in PA)
Oyeyemi et al. BMC Cancer         (2018) 18:1216 Page 3 of 11
Statistical methods
Analyses using baseline data
We used Cox proportional hazards models, with age as the
time scale, to estimate hazard ratios (HRs) with 95% confi-
dence intervals (CIs) for the associations between PA levels
and risk of CRC. PA levels at baseline were divided into five
groups [1–10], was used as the reference group. We used
similar models to estimate multivariable-adjusted HRs with
95% CIs. We stratified all the models by recruitment
sub-cohort (1991–92, 1996–97, and 2003–04) to control
for potential differences in the three recruitment waves. In
the Cox models, follow-up time was defined as the interval
between age at baseline and age at emigration, death, diag-
nosis of any incident cancer, or age at the end of the study
period (31 December 2015), whichever occurred first.
We checked the proportional hazards assumption by
testing an interaction variable between the groups of PA
levels and the logarithm of the age of the participants.
We carried out an initial analysis on the baseline data to
select the covariates to adjust for in the final models.
This initial analysis included: height (continuous, in me-
tres); body mass index calculated from weight divided by
the square of the height (BMI, < 25.0, 25.0–29.9, ≥30.0
kg/m2); duration of education (< 10, 10–12, ≥13 years,
corresponding to primary and lower secondary school,
upper secondary school, and higher education, respect-
ively); household income (< 300,000; 300,000-600,000; >
600,000 Norwegian krone per annum, corresponding to
low, medium and high income); alcohol consumption (0, ≤3,
> 3 g/day); smoking status (never, former, current); hormone
replacement therapy (never, former, current); red meat
intake (0, ≤15, > 15 g/day); processed meat intake (0, ≤30, >
30 g/day); dietary calcium (< 700, ≥700mg/day) and dietary
fibre (≤21, > 21 g/day). Only covariates associated with a
change of at least 10% in the regression coefficient of any of
the groups of the PA levels were included in final models.
All the above covariates met this criterion except hormone
replacement therapy, household income, and red meat
intake. However, the latter was still added to the models
because of its reported association in the carcinogenesis of
colorectal tissues [34].
We assessed possible interactions between PA and
BMI, duration of education, alcohol consumption, and
smoking status, respectively. We further explored the re-
lationship between PA levels and CRC stratified by BMI
categories, as obesity has been deemed as a convincing
factor in the development of CRC [35, 36]. We tested
for linear trend by using the original 10-level PA scale
modelled as a continuous variable. We conducted sensi-
tivity analyses by re-categorising the PA levels into three
groups [1–10], and using the baseline information. We
also repeated baseline analyses after excluding cancers
diagnosed during the first 2 years of the follow-up in
order to control for possible reverse causality.
Analyses using repeated measurements of physical activity
level
We used baseline information on PA level until follow-up
information became available. Subsequently, we applied
follow-up information until emigration, death, cancer
diagnosis, or the end of the study period (31 December
2015), whichever came first. Follow-up information on
BMI and smoking status was also applied once available.
Analyses according to change in physical activity level
We grouped the 10 PA levels into three categories at
baseline: ‘inactive’, (PA level 1–4), ‘moderately active’ (PA
level 5–6), and ‘active’ (PA level 7–10). We then used
the follow-up data on PA level to categorize participants
as ‘consistently active’ (PA level 7–10 at baseline and
follow-up), ‘consistently moderately active’ (PA level 5–6
at baseline and follow-up), ‘consistently inactive’ (PA
level 1–4 at baseline and follow-up), ‘increased PA’ (in-
creased PA level between baseline and follow-up), and
‘decreased PA’ (decreased PA level between baseline and
follow-up).
We then used this change in PA level as the exposure
variable and adjusted for the time period between the
two measurements. Thus, we considered participants to
be at risk from the date of the follow-up measurement
until emigration, death, CRC diagnosis, or the end of the
study period (31 December 2015), whichever came first.
All statistical tests were two-sided, and all statistical
analyses were conducted using Stata for Windows ver-
sion 15.0 (StataCorp, College Station, Texas, USA). All p
values were considered statistically significant at a level
of < 0.05.
Results
During an average of 14.6 years of follow-up and 1.16
million person-years, 885 cases of colon cancer and
426 cases of rectal cancer were diagnosed. The me-
dian age of the cohort at baseline was 51 years, while
the median age at diagnosis was 65 years, ranging
from 43 to 87 years.
At baseline, 43% of the cohort reported PA levels 5–6,
and 74% reported a PA level of 5 or higher (Table 1).
Compared to participants with PA levels 1–4, women
with PA levels 5–10 had a lower mean BMI (24.3 vs
26.0 kg/m2), similar mean age (51.3 vs 52.2 years), similar
mean duration of education (12.4 vs 12.0 years), and
same daily alcohol consumption (3.5 vs 3.5 g/day). Fur-
thermore, women with PA levels 5–10 were more often
never smokers (38% vs 36%), less often current smokers
(29% vs 33%), consumed slightly less red meat (15.3 vs
16.0 g/day), less processed meat (33.3 vs 34.8 g/day),
more dietary calcium (763 vs 717 mg/day), and more
dietary fibre (22.0 vs 20.0 g/day), than women with PA
levels 1–4.
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In the multivariable baseline analyses, we found no
statistical significant association between PA level and
the risk of CRC when women with PA level 9–10 were
compared to those with PA level 5–6 (colon: HR = 0.80,
95% CI 0.56–1.12, p-trend = 0.76; rectal: HR = 1.40, 95%
CI 0.94–2.10, p-trend = 0.87) (Table 2). This null rela-
tionship did not change after excluding those who were
diagnosed with cancer in the first 2 years of follow-up
(data not shown). We explored the outcome of
re-categorising the PA levels into three groups: 1–4, 5–
6, and 7–10, with 5–6 as the reference group and using
the baseline information. This does not change the ef-
fects, p-trend nor the overall findings (data not shown).
Furthermore, interaction terms between PA levels and
categories of BMI, duration of education, alcohol con-
sumption, and smoking status were not significant. In
analyses stratified by BMI, we found no association be-
tween PA level and CRC (data not shown).
In multivariable repeated PA measurement analyses,
after adjustment for repeated measurements of BMI and
smoking status, the corresponding risks obtained were
similarly not statistically significant (colon: HR = 0.82,
95% CI 0.58–1.16, p-trend = 0.27; rectal: HR = 1.40, 95%
CI 0.93–2.09, p-trend = 0.74) (Table 3).
In analyses of the influence of changes in PA level on
the risk of CRC, a statistically significant reduction in
the risk of colon cancer was observed in those with “in-
creased PA” when compared to those who remained
“consistently moderately active” (HR = 0.69, 95% CI
0.50–0.95). We did not observe any significant associ-
ation between women who were “consistently active”,
“consistently inactive”, or those with “decreased PA”
when compared to women who were “consistently
moderately active” (Table 4).
Intriguingly, those who were “consistently active” were
at an increased risk of rectal cancer when compared to
women who were “consistently moderately active” (HR
= 1.57, 95% CI 1.02–2.42) (Table 4).
Discussion
In this nationally representative prospective study of
Norwegian women, we did not find an association
between PA level and the risk of CRC. These findings
remained the same regardless of whether we used base-
line data or repeated measurements, and after adjusting
for known CRC risk factors. We also examined the influ-
ence of change in PA level on the risk of CRC and found
Table 1 Characteristics of participants in NOWAC Study by physical activity level at baseline (n = 79,184)
Characteristics Physical activity level at baseline
1–2 3–4 5–6 7–8 9–10
Study population (N = 79,184) 3616 (4.6%) 17,360 (21.9%) 34,208 (43.2%) 20,029 (25.3%) 3971 (5.0%)
Mean age (±SE) 52.91 (0.11) 52.00 (0.05) 51.38 (0.03) 51.11 (0.04) 51.65 (0.10)
Person-years at risk a 51,685 255,773 503,850 289,189 57,422
Average follow-up time (SD) b 14.29 years (4.62) 14.73 years (4.10) 14.73 year (3.93) 14.44 years (3.88) 14.46 years (3.92)
Colon cancer (885) 45 (1.25%) 203 (1.17%) 393 (1.15%) 208 (1.04%) 36 (0.91%)
Rectal cancer (426) 24 (0.66%) 100 (0.58%) 175 (0.51%) 99 (0.49%) 28 (0.71%)
Colorectal cancer (1311) 69 (1.91%) 303 (1.75%) 568 (1.66%) 307 (1.53%) 64 (1.61%)
Mean height in cm (±SE) 165.9 (0.10) 166.1 (0.04) 166.3 (0.03) 166.5 (0.04) 166.1 (0.09)
Mean BMI in kg/m2 (±SE) 26.92 (0.09) 25.81 (0.03) 24.61 (0.02) 23.83 (0.02) 23.58 (0.05)
Mean duration of education in years (±SE) 11.46 (0.06) 12.15 (0.03) 12.28 (0.02) 12.62 (0.03) 11.85 (0.06)
Mean alcohol consumption, grams (±SE) 3.25 (0.08) 3.51 (0.03) 3.48 (0.02) 3.64 (0.03) 3.25 (0.07)
Smoking status, n (%)
Never 29,292 (37.0%) 1081 (29.9%) 6370 (36.7%) 12,871 (37.6%) 7564 (37.8%) 1406 (35.4%)
Former 26,387 (33.3%) 1104 (30.5%) 5475 (31.5%) 11,335 (33.1%) 7128 (35.6%) 1345 (33.9%)
Current 23,505 (29.7%) 1431 (39.6%) 5515 (31.8%) 10,002 (29.2%) 5337 (26.7%) 1220 (30.7%)
Mean daily intakes in grams
Red meat (±SE) 16.45 (0.22) 15.86 (0.09) 15.31 (0.06) 15.19 (0.08) 15.39 (0.20)
Processed meat (±SE) 35.57 (0.41) 34.69 (0.17) 33.92 (0.12) 32.44 (0.15) 32.72 (0.38)
Dietary calcium (±SE) 698.16 (5.46) 720.64 (2.29) 748.91 (1.64) 779.19 (2.24) 807.32 (5.67)
Dietary fibre (±SE) 18.85 (0.12) 20.20 (0.05) 21.45 (0.04) 22.58 (0.05) 23.53 (0.12)
aTotal person years = 1,157,919
bAverage follow-up time = 14.62 years (SD = 3.99, SE = 0.01)
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that those who increased their PA from baseline to
follow-up had a lower risk of colon cancer.
There is an established inverse relationship between
PA and the risk of CRC, and several plausible explana-
tory biological mechanisms and hypotheses have been
proposed [37, 38]. These mechanisms are not completely
clear, however, the existing plausible hypotheses include
the involvement of PA in the reduction of intestinal fecal
transit time; increase production of motility-inducing
prostaglandin F2α; alterations in sex hormones;
Table 2 Hazard ratios (95% CI) of colon, rectal, and colorectal cancers by physical activity level at baseline (n = 79,184) in the
NOWAC Study
Physical activity level at baseline
Cancer Models 1–2 3–4 5–6 7–8 9–10 p trend
Colon Age-adjusted




















































































































Multivariable 1 = adjusted for age, height, body mass index, duration of education, alcohol consumption, and smoking status
Multivariable 2 = additionally adjusted for intake of red meat, processed meat, dietary calcium, and dietary fibre
Table 3 Hazard ratios (95% CI) of colon, rectal, and colorectal cancers by physical activity level at baseline and follow-up (n = 79,184)
in the NOWAC Study
Physical activity level at baseline/follow-up
Cancer Models 1–2 3–4 5–6 7–8 9–10 p trend
Colon Age-adjusted




















































































































Multivariable 1 = adjusted for age, height, body mass index, duration of education, alcohol consumption, and smoking status
Multivariable 2 = additionally adjusted for intake of red meat, processed meat, dietary calcium, and dietary fibre
Confidence intervals in bold have p-values less than 0.05
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reduction in insulin resistance and hyperinsulineamia;
improved immune function; changes in free radical gen-
eration; and changes in body fat [37, 38]. There could be
sex-specific differences in the physiological responses in
some of these mechanisms that may place women at a
disadvantage, or PA may also interact with other
sex-specific factors influencing the responses [28, 29].
The Continuous Update Project on CRC by the
WCRF/AICR recently inferred that PA of all types re-
duces the risk of CRC [9]. However, most of the epi-
demiological studies that corroborate this relationship
have been conducted in men [11]. Results of studies
in women have been largely inconsistent and less
conclusive [10, 11, 14, 24].
As the exposure of interest, PA may be an intricate
and difficult parameter to measure, especially in
population-based studies. Inconsistencies may be associ-
ated with variations in PA instruments (assessment
methods), the use of different domains of PA (occupa-
tional, household, transport, and recreational) with the
frequency, duration, and intensity of PA in the investiga-
tion of the relationship. Nevertheless, the same hetero-
geneity in the assessment of PA in women also exist in
the studies of the PA-CRC relationship in men; whereas
the findings in men have been more consistent and
largely conclusive [11, 13, 14, 24].
Our findings of no association between PA and the
risk of CRC in women may be an accurate reflection of
a true lack of association, which is consistent with find-
ings from many previous prospective studies among
women [10–22]. From the available prospective studies
that included only women or gave sex-specific results,
we identified 21 studies [6–8, 10–26, 39]. Thirteen of
these studies found no association between PA and risk
of CRC [10–22], six observed a statistically significant
association [6–8, 23–25], while two reported both
[26, 39]. The last two studies further underscore the
discrepancies in the findings of PA-CRC relationship
in women [26, 39].
Out of the 13 prospective studies that found no associ-
ation, none of them used the same PA instrument we
used in our study. Nevertheless, since our PA scale cor-
responds to total PA, including all the domains in one
global score, we can compare our study to others that
utilized total PA. For example, the questionnaire used in
the National Institutes of Health-American Association
of Retired Persons Diet and Health (NIH-AARP Diet
and Health) Study [11] assessed participants’ detailed
routine throughout the day, at home and work (daily
routine activity), and sporting activities. Daily routine ac-
tivity and sporting activity were analysed separately and
neither were statistically significant (HR = 0.84, 95%CI
0.50–1.42, p-trend = 0.714 and HR= 0.87, 95%CI 0.71–1.06,
p-trend = 0.536, respectively) in women. Interestingly, the
same analyses were statistically significant in the participat-
ing men (HR= 0.86, 95%CI 0.66–1.12, p-trend = 0.007 and
Table 4 Hazard ratios (95% CI) of colon, rectal and colorectal cancers by changes in physical activity level between enrollment and
follow-up (n = 44,498) in the NOWAC Study
Changes in physical activity level

























































































































Multivariable 1 = adjusted for age, height, body mass index, duration of education, alcohol consumption, and smoking status
Multivariable 2 = additionally adjusted for intake of red meat, processed meat, dietary calcium, and dietary fibre
Confidence intervals in bold have p-values less than 0.05
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HR= 0.82, 95%CI 0.71–0.95, p-trend = 0.013, respectively).
The Japan Public Health Center-based Prospective Study
also found no relationship between total daily PA and CRC
in women (HR= 0.82, 95%CI 0.56–1.21, p-trend = 0.198 for
colon cancer; HR = 1.79, 95%CI 0.99–3.23, p-trend = 0.077
for rectal cancer) [20]. Corresponding analyses in the par-
ticipating men from that study were statistically significant
for colon cancer (HR = 0.58, 95%CI 0.48–0.79, p-trend
< 0.001), but not for rectal cancer (HR = 0.88, 95%CI
0.57–1.36, p-trend = 0.464). The Framingham Study
used the summary PA index of daily activity, which
also relates to total daily PA. The authors observed
no association between total daily PA and large bowel
cancer (p-trend 0.89) among women, but they did re-
port an association among men (p-trend 0.06) [18].
Likewise, the Breast Cancer Detection Demonstration
Project (BCDDP), which used a PA instrument similar
to that of Framingham Study, observed no association
between total PA and the risk of colon cancer (HR = 1.15,
95%CI 0.76–1.75, p-trend = 0.77) [10].
The other nine prospective studies, which found no
association between PA and CRC in women used various
PA instruments and assessed different domains of PA.
These ranged from recreational and non-recreational,
with HR = 1.60, 95%CI 0.70–3.50 (inactivity-CRC rela-
tion) [17]; recreational and occupational, with HR = 0.86,
95%CI 0.77–1.03 [12]; recreational only, with HR = 0.77,
95%CI 0.43–1.38, p-trend = 0.27 [14], HR = 0.90, 95%CI
0.56–1.46, p-trend = 0.68 [15], HR = 0.89, 95%CI 0.50–1.60
[16], HR = 0.95, 95%CI 0.68–1.39, p-trend = 0.75 [22];
non-recreational only, with HR= 0.94, 95%CI 0.40–2.21
[21], amount of time spent walking, with HR = 1.02, 95%CI
0.60–1.75, p-trend = 0.91 [19]; to metabolic equivalent
(MET) hours per day, with HR= 1.16, 95%CI 0.76–1.77,
p-trend = 0.569 [13]. However, some of these studies ob-
served statistically significant associations among men from
the same studies [13, 14, 16, 19].
On the other hand, six prospective studies reported a
significant association between PA and colon cancer or
CRC [6–8, 23–25]. The Nurses’ Health Study found sig-
nificant inverse association between recreational PA and
incidence of colon cancer in women (HR = 0.54, 95%CI
0.33–0.90, p-trend = 0.03) consistent with results found
in men [6]. The Nord-Trøndelag Health Study con-
ducted in Norway also found a significant association
among women who reported high recreational PA versus
no PA (HR = 0.77, 95% CI 0.53–0.98, p-trend = 0.03). No
linear association was found for rectal cancer risk
(p-trend = 0.74) [7]. Another population-based cohort
study in women in Norway found recreational PA to be
associated with decreased risk of colon cancer (HR = 0.62,
95% CI 0.40–0.97, p-trend = 0.25) [8]. However, The
California Teachers Study found that lifetime recre-
ational PA reduces colon cancer risk among
postmenopausal women who had never taken hor-
mone therapy (HR = 0.51, 95% CI 0.31–0.85, p-trend
= 0.02), but not in postmenopausal women with his-
tory of hormone therapy use (HR = 0.98, 95% CI
0.66–1.44 p-trend = 0.49) [23]. One thing is conspicu-
ously common to these studies: they all utilized the
single domains of either recreational [6–8, 23] or oc-
cupational [8, 24, 25] PA. This may have effectively
excluded the household (domestic or family care) PA
domain, which is mostly important for the female
population [27]. This could partly account for the
gender bias in the appraisal of PA in epidemiological
studies [40]. On the other hand, it may be relatively
easy to remember and thus simpler to appraise recre-
ational and occupational PA compared to total PA.
According to our findings, those who increased their
PA from baseline to follow-up had a lower risk of colon
cancer, thus this lower risk may very well be a marker of
a generally healthy lifestyle. However, we found no asso-
ciation between those who were consistently active and
the risk of colon cancer. This further portrays that both
short and consistent PA over a period of time may not
confer protection against colon cancer in women. The
association between long-term PA and a reduced risk of
colon cancer (consistently active vs consistently inactive)
is more often seen in men [39, 41], and even then it is
inconsistent [42]. Intriguingly, women who were consist-
ently active were at an increased risk of rectal cancer when
compared to those who were consistently moderately active.
This result must be interpreted with caution as it could be
a spurious finding, which is probably due to another associ-
ated factor. This is because the finding on its own has no
plausible physio-biological explanations.
The present study has some limitations. Our PA
measurement may not have been sensitive enough to
detect perhaps small effect of PA on CRC among
women. The PA level in our study was self-reported
through questionnaires and thus is inevitably suscep-
tible to measurement error [43]. Unfortunately, in
large population-based studies, one may not be able
to use more accurate PA assessment methods, such
as the accelerometer and gyroscope. Furthermore,
although the PA assessment used in our study gave a
total PA score, this score lacks quantification and dis-
tinguishability of the domains involved, the frequen-
cies, durations, and intensities of the PA [32]. The
ordinal scale measures self-perceived PA, which is
subjected to individual frame of reference, which may
differ widely [28]. Thus, one should be cautious of
this limitation while interpreting the results. Notwith-
standing, the PA instrument we used has been vali-
dated, and the results show that the scale is sufficient
to differentiate between levels of the total amount of
PA. The Spearman correlation coefficient was found
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to be moderate at 0.36–0.46 with p-value less than
0.001 [32]. This compares well with the International
Physical Activity Questionnaire, which reported criter-
ion validity by Spearman correlation of a median of
0.30 in a validation study across 12 countries [44].
The covariates in our study were also self-reported
and are therefore prone to the errors inherent to
self-reporting. Indeed, self-reporting leads to a ten-
dency for people to overstate desirable behaviours,
such as PA, dietary habits, and alcohol consumption
habits, thereby introducing some level of misclassifi-
cation error [45]. We used only one measure of the
dietary intakes, taken at enrollment. These intakes
likely change over time and may be invalid over the
length of the study period [46]; thus, residual con-
founding cannot be excluded. Nevertheless, the infor-
mation in the NOWAC Study on PA, BMI, dietary
habits, and alcohol consumption habits have been val-
idated with satisfactory results [32, 47–49]. The
self-reported duration of education has been
compared to the relevant national registries and no
statistical differences were found [30]. Accordingly,
this self-reporting method is judged to be adequate
and pragmatic, especially considering the large sample
size of the NOWAC Study. Our study lacked infor-
mation on family history of CRC. Women who have a
familial predisposition to developing CRC may be
more health conscious than others, which may cause
residual confounding. Likewise, we lacked information
on use of aspirin and other non-steroidal anti-inflam-
matory drugs (NSAIDs) by our participants. Regular
use of aspirin and other NSAIDs are suggestive of
protection against colon adenoma and cancer [50].
This may also be a source of confounding.
Our study has several strengths. These include the
prospective and population-based design, the large sam-
ple size, the long follow-up time, information on import-
ant confounding factors, and the use of a high-quality
national cancer registry to identify cases of CRC [31].
The NOWAC cohort consists of participants who were
randomly recruited from the general population and is
representative of the Norwegian female population aged
30 to 70 years [32]. The external validity of the NOWAC
cohort has been found to be acceptable [30]. We used
repeated measurements of PA level, BMI, and smoking
status in order to account for changes in these variables
over time and to attenuate the risk of measurement
error. The availability of data on PA level at two different
time points also allowed us to investigate changes in PA
levels, which is a vital strength of this study. The
self-reported BMI and the food frequency questionnaire
in the NOWAC Study have been validated [47–49].
There is a substantial agreement between the self-re-
ported and measured BMI values [49], while 24-h dietary
recall studies found the food frequency questionnaire to
be reliable [47, 48].
Conclusions
Our data do not support the hypothesis that total phys-
ical activity, nor consistent participation in PA over a
period of time, is associated with a reduced risk of CRC
in women. Thus, women may need to look beyond PA
in order to reduce their risk of CRC.
Abbreviations
BMI: body mass index; CI: confidence interval; CRC: colorectal cancer;
CUP: Continuous Update Project; HR: hazard ratio; ICD-10: International
Statistical Classification of Diseases, Injuries and Causes of Death 10th
revision; NOWAC: the Norwegian Women and Cancer Study;; PA: physical
activity; WCRF/ AICR: World Cancer Research Fund/American Institute for
Cancer Research
Acknowledgements
We thank all the participants in the Norwegian Women and Cancer Study for
their time and efforts at advancing science. Many thanks to Marko Lukic,
Runa Borgund Barnung, and Marisa da Silva for good discussions during the
work on this paper. We acknowledge Trudy Perdrix-Thoma of Professional
Standards Editing for language review and editing. Some of the data in this
article came from the Cancer Registry of Norway, but they are not respon-
sible for the analysis or interpretation of the data presented.
Funding
The cost of publishing this manuscript was paid by the Publication Fund of
UiT-The Arctic University of Norway. SOO, TB, IL, EL, and KBB were supported
by the Faculty of Health, UiT-The Arctic University of Norway. IL was sup-
ported by the Norwegian Cancer Society. The Faculty of Health, UiT-The Arc-
tic University of Norway and Norwegian Cancer Society did not contribute to
the study design, data analysis, data interpretation, nor influenced the deci-
sion to submit the manuscript for publication.
Availability of data and materials
To access the data supporting the presented findings, kindly contact the
person responsible in the NOWAC Study - https://site.uit.no/nowac/contact-
information/
Authors’ contributions
SOO carried out the statistical analyses and drafted the manuscript. TB
prepared the data, participated in the statistical analyses, and critical revision
of the manuscript. IL contributed to the statistical analyses and critical
revision of the manuscript. EL is the principal investigator of the NOWAC
Study and contributed with critical revision of the manuscript. KBB
contributed to the statistical analyses, drafting, and critical revision of the
manuscript. All authors read and approved the final manuscript.
Ethics approval and consent to participate
The Norwegian Women and Cancer Study was approved by the Regional
Committee for Medical Research Ethics and the Norwegian Data





The authors declare that they have no competing interest.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Oyeyemi et al. BMC Cancer         (2018) 18:1216 Page 9 of 11
Author details
1Department of Community Medicine, Faculty of Health Sciences, UiT-The
Arctic University of Norway, Tromsø, Norway. 2Clinical Research Department,
Centre François Baclesse, Normandie University, UNICAEN, INSERM, U1086,
Caen, France.
Received: 13 March 2018 Accepted: 14 November 2018
References
1. GLOBOCAN 2018. Estimated Cancer Incidence, Mortality and Prevalence
Worldwide in 2018 [cited 2018 Oct 07]. Available from: http://globocan.iarc.fr/.
2. Larsen I, Møller B, Johannesen TB, Larønningen S, Robsahm T, Grimsrud T, et
al. Cancer in Norway 2016 - Cancer incidence, mortality, survival and
prevalence in Norway. Oslo: Cancer registry of Norway; 2017.
3. European Cancer Information System 2018. Incidence and mortality
estimates 2018: European Cancer Information System; 2018 [cited 2018 Oct
07]. Available from: https://ecis.jrc.ec.europa.eu/.
4. Perera PS, Thompson RL, Wiseman MJ. Recent evidence for colorectal
Cancer prevention through healthy food, nutrition, and physical activity:
implications for recommendations. Curr Nutr Rep. 2012;1(1):44–54.
5. Giovannucci E, Colditz GA, Stampfer MJ, Willett WC. Physical activity, obesity,
and risk of colorectal adenoma in women (United States). Cancer Causes
Control. 1996;7(2):253–63.
6. Martinez ME, Giovannucci E, Spiegelman D, Hunter DJ, Willett WC, Colditz
GA. Leisure-time physical activity, body size, and colon cancer in women. J
Natl Cancer Inst. 1997;89(13):948–55.
7. Nilsen TIL, Romundstad PR, Petersen H, Gunnell D, Vatten LJ. Recreational
physical activity and cancer risk in subsites of the colon (the Nord-Trondelag
health study). Cancer Epidemiol Biomarkers Prev. 2008;17(1):183–8.
8. Thune I, Lund E. Physical activity and risk of colorectal cancer in men and
women. Br J Cancer. 1996;73(9):1134–40.
9. WCRF/AICR. Colorectal cancer: How diet, nutrition and physical activity
affect colorectal (bowel) cancer risk. Continuous Update Project Expert
Report; 2017. WCRF International; 2017. [cited 2018 Oct 07]. Available from:
https://www.wcrf.org/dietandcancer/colorectal-cancer/
10. Calton BA, Lacey JV Jr, Schatzkin A, Schairer C, Colbert LH, Albanes D, et al.
Physical activity and the risk of colon cancer among women: a prospective
cohort study (United States). Int J Cancer. 2006;119(2):385–91.
11. Howard RA, Freedman DM, Park Y, Hollenbeck A, Schatzkin A, Leitzmann
MF. Physical activity, sedentary behavior, and the risk of colon and rectal
cancer in the NIH-AARP diet and health study. Cancer Causes Control. 2008;
19(9):939–53.
12. Johnsen NF, Christensen J, Thomsen BL, Olsen A, Loft S, Overvad K, et al.
Physical activity and risk of colon cancer in a cohort of Danish middle-aged
men and women. Eur J Epidemiol. 2006;21(12):877–84.
13. Lee KJ, Inoue M, Otani T, Iwasaki M, Sasazuki S, Tsugane S. Physical activity
and risk of colorectal cancer in Japanese men and women: the Japan
public health center-based prospective study. Cancer Causes Control. 2007;
18(2):199–209.
14. Nilsen TI, Vatten LJ. Prospective study of colorectal cancer risk and physical
activity, diabetes, blood glucose and BMI: exploring the hyperinsulinaemia
hypothesis. Br J Cancer. 2001;84(3):417–22.
15. Schnohr P, Gronbaek M, Petersen L, Hein HO, Sorensen TI. Physical activity
in leisure-time and risk of cancer: 14-year follow-up of 28,000 Danish men
and women. Scand J Public Health. 2005;33(4):244–9.
16. Wu AH, Paganini-Hill A, Ross RK, Henderson BE. Alcohol, physical activity
and other risk factors for colorectal cancer: a prospective study. Br J Cancer.
1987;55(6):687–94.
17. Albanes D, Blair A, Taylor PR. Physical activity and risk of cancer in the
NHANES I population. Am J Public Health. 1989;79(6):744–50.
18. Ballard-Barbash R, Schatzkin A, Albanes D, Schiffman MH, Kreger BE, Kannel
WB, et al. Physical activity and risk of large bowel cancer in Framingham
study. Cancer Res. 1990;50(12):3610–3.
19. Takahashi H, Kuriyama S, Tsubono Y, Nakaya N, Fujita K, Nishino Y, et al.
Time spent walking and risk of colorectal cancer in Japan: the Miyagi cohort
study. Eur J Cancer Prev. 2007;16(5):403–8.
20. Inoue M, Yamamoto S, Kurahashi N, Iwasaki M, Sasazuki S, Tsugane S. Daily
total physical activity level and total cancer risk in men and women: results
from a large-scale population-based cohort study in Japan. Am J Epidemiol.
2008;168(4):391–403.
21. Steenland K, Nowlin S, Palu S. Cancer incidence in the National Health and
nutrition survey I. follow-up data: diabetes, cholesterol, pulse and physical
activity. Cancer Epidemiol Biomark Prev. 1995;4(8):807–11.
22. Bostick RM, Potter JD, Kushi LH, Sellers TA, Steinmetz KA, McKenzie DR, et al. Sugar,
meat, and fat intake, and non-dietary risk factors for colon cancer incidence in
Iowa women (United States). Cancer Causes Control. 1994;5(1):38–52.
23. Mai PL, Sullivan-Halley J, Ursin G, Stram DO, Deapen D, Villaluna D, et al.
Physical activity and colon cancer risk among women in the California
teachers study. Cancer Epidemiol Biomark Prev. 2007;16(3):517–25.
24. Moradi T, Gridley G, Bjork J, Dosemeci M, Ji BT, Berkel HJ, et al. Occupational
physical activity and risk for cancer of the colon and rectum in Sweden among
men and women by anatomic subsite. Eur J Cancer Prev. 2008;17(3):201–8.
25. Lynge E, Thygesen L. Use of surveillance systems for occupational cancer:
data from the Danish national system. Int J Epidemiol. 1988;17(3):493–500.
26. Chao A, Connell CJ, Jacobs EJ, McCullough ML, Patel AV, Calle EE, et al.
Amount, type, and timing of recreational physical activity in relation to
colon and rectal cancer in older adults: the Cancer prevention study II
nutrition cohort. Cancer Epidemiol Biomark Prev. 2004;13(12):2187–95.
27. Ainsworth BE. Challenges in measuring physical activity in women. Exerc
Sport Sci Rev. 2000;28(2):93–6.
28. Meijer G, Janssen G, Westerterp K, Verhoeven F, Saris W, Hoor F. The effect
of a 5-month endurance-training programme on physical activity: evidence
for a sex-difference in the metabolic response to exercise. Eur J Appl Physiol
Occup Physiol. 1991;62(1):11–7.
29. Sheel AW. Sex differences in the physiology of exercise: an integrative
perspective. 2016. p. 211–2.
30. Eiliv L, Merethe K, Tonje B, Anette H, Kjersti B, Elise E, et al. External validity
in a population-based national prospective study – the Norwegian women
and Cancer study (NOWAC). Cancer Causes Control. 2003;14(10):1001–8.
31. Lund E, Dumeaux V, Braaten T, Hjartåker A, Engeset D, Skeie G, et al. Cohort
profile: the Norwegian women and Cancer study—NOWAC—Kvinner og
kreft. Int J Epidemiol. 2008;37(1):36–41.
32. Borch KB, Ekelund U, Brage S, Lund E. Criterion validity of a 10-category
scale for ranking physical activity in Norwegian women.(research)(report).
Int J Behav Nutr Phys Act. 2012;9:2.
33. Larsen IK, Småstuen M, Johannesen TB, Langmark F, Parkin DM, Bray F, et al.
Data quality at the Cancer registry of Norway: an overview of comparability,
completeness, validity and timeliness. Eur J Cancer. 2009;45(7):1218–31.
34. Bouvard V, Loomis D, Guyton KZ, Grosse Y, Ghissassi FE, Benbrahim-Tallaa L,
et al. Carcinogenicity of consumption of red and processed meat. Lancet
Oncol. 2015;16(16):1599–600.
35. Karahalios A, English DR, Simpson JA. Weight change and risk of colorectal
Cancer: a systematic review and meta-analysis. Am J Epidemiol. 2015;
181(11):832–45.
36. Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini F, Straif K.
Body Fatness and Cancer — viewpoint of the IARC working group. N Engl J
Med. 2016;375(8):794–8.
37. Quadrilatero J, Hoffman-Goetz L. Physical activity and colon cancer. A
systematic review of potential mechanisms. J Sports Med Phys Fitness. 2003;
43(2):121–38.
38. Westerlind KC. Physical activity and cancer prevention--mechanisms. Med
Sci Sports Exerc. 2003;35(11):1834–40.
39. Wolin KY, Lee IM, Colditz GA, Glynn RJ, Fuchs C, Giovannucci E. Leisure-time
physical activity patterns and risk of colon cancer in women. Int J Cancer.
2007;121(12):2776–81.
40. Abel T, Graf N, Niemann S. Gender bias in the assessment of physical
activity in population studies. Soz Praventivmed. 2001;46(4):268–72.
41. Lee IM, Paffenbarger RS Jr, Hsieh C. Physical activity and risk of
developing colorectal cancer among college alumni. J Natl Cancer Inst.
1991;83(18):1324–9.
42. Lee IM, Manson J, Ajani U, Paffenbarger R, Hennekens C, Buring J. Physical
activity and risk of colon cancer: the physicians‘ health study (United States).
Cancer Causes Control. 1997;8(4):568–74.
43. Sallis JF, Saelens BE. Assessment of physical activity by self-report: status,
limitations, and future directions. Res Q Exerc Sport. 2000;71(2):1–14.
44. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et
al. International physical activity questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. 2003;35(8):1381–95.
45. Lagerros Y, Mucci L, Bellocco R, Nyrén O, Bälter O, Bälter K. Validity and
reliability of self-reported Total energy expenditure using a novel
instrument. Eur J Epidemiol. 2006;21(3):227–36.
Oyeyemi et al. BMC Cancer         (2018) 18:1216 Page 10 of 11
46. Sedgwick P. Prospective cohort studies: advantages and disadvantages. BMJ:
Br Med J. 2013;347:f6304.
47. Hjartaker A, Andersen LF, Lund E. Comparison of diet measures from a
food-frequency questionnaire with measures from repeated 24-hour dietary
recalls. The Norwegian women and Cancer study. Public Health Nutr. 2007;
10(10):1094–103.
48. Parr CL, Veierod MB, Laake P, Lund E, Hjartaker A. Test-retest reproducibility
of a food frequency questionnaire (FFQ) and estimated effects on disease
risk in the Norwegian women and Cancer study (NOWAC). Nutr J. 2006;5:4.
49. Skeie G, Mode N, Henningsen M, Borch KB. Validity of self-reported body
mass index among middle-aged participants in the Norwegian women and
Cancer study. Clin Epidemiol. 2015;7:313–23.
50. Rothwell PM, Wilson M, Elwin C-E, Norrving B, Algra A, Warlow CP, et al.
Long-term effect of aspirin on colorectal cancer incidence and mortality:
20-year follow-up of five randomised trials. Lancet. 2010;376(9754):1741–50.
Oyeyemi et al. BMC Cancer         (2018) 18:1216 Page 11 of 11
